In order to investigate the polymorphisms of two candidate genes, WISP1 (Wnt-1-induced secreted protein) and NMI (N-myc (and STAT) interactor), and their effects on embryonic mortality, 187 dead and 71 normal embryos of AiJiaoHuang (AJH) and 154 dead and 70 normal embryos of ZhuSi (ZS) chicken were collected. Two single nucleotide polymorphisms (SNPs), rs14261761 (T/C) at exon5 of WISP1 and rs14630452 (A/T) at exon5 of NMI, were genotyped by PCR-RFLP (polymerase chain reaction-restriction fragment-length polymorphism). Our results showed that the mortality rates of different genotypes of rs14261761 were significantly different in ZS chicken, and the death risk of TT genotype tended to be higher than that of TC; rs14630452 significantly influenced the embryonic mortality of AJH chicken, and the death risk of TT genotype was 4 and 2 times higher than that of AA and AT genotypes, respectively (TT＞AT＞AA). These results indicated that these two SNPs both affected the chick embryonic mortality.
Introduction
Hatchability of eggs is associated with the economic benefit in commercial poultry husbandry and affected by a number of factors, including the quality of eggs, storage of eggs (Fasenko, 2007) , hatching managements (Hulet, 2007) and genetic background. Mortality of chick embryos will decrease the hatchability and come with less economic returns. WISP1 (WNT1 inducible signaling pathway protein 1) and NMI (N-myc (and STAT) interactor) both play the essential roles in the physiological mechanisms related to embryonic development and immunity.
WISP1 gene locates on Chromosome 2 in chicken, which contains 5 exons and 4 introns. Its protein WNT1 inducible signaling pathway protein 1 (Wisp1) belongs to the CCN family which is composed by a group of the polypeptide factors with high homology (Su et al., 2002) . As a cell matrix protein, it can interact with other signalling factors to determine cell growth, cell differentiation, immune system activation, and cell apoptosis in tissues ranging from the cardiovascular-pulmonary system to the reproductive system (Wang et al., 2012) , and plays an important role in the control of embryonic development (Davies et al., 2010; Kular et al., 2010) . It was showed that WISP1 gene is a carcinogenic gene regulated by the Wnt-1-β-catenin protein signaling pathway (Xu et al., 2000) , and it closely links with skeletal development, fracture repair, cell proliferation and differentiation, programmed cell apoptosis, and formation and migration of some tumor (Xu et al., 2000; Ono et al., 2011) . In brief, WISP1 has a close relationship with embryo development, bone formation, apoptosis and tumor formation.
NMI gene is on Gallus chromosome 7 and contains 9 exons and 8 introns. Protein Nmi was initially identified in a yeast two-hybrid screen with N-Myc as bait and was also shown to interact with c-Myc . The amino terminus of Nmi, which has homology to coiled-coil proteins, is implicated in binding to Myc family members and other transcription factors (Bao and Zervos, 1996) . Myc proteins mediate cell growth, transformation, and apoptosis by functioning as activators or repressors of transcription through interaction with other proteins (Jun et al., 2000) . Song et al. (2010) reported that NMI mRNA and protein were existed in ovine endometrium during pregnancy, and it played an important role during pregnancy. Furthermore, Nmi also interacts with STAT (signal transducer and activator of transcription) proteins (Zhu et al., 1999) , which function as activators of transcription when cytokine signaling pathways induce their translocation from the cytoplasm into the nucleus. Two regions of Nmi, corresponding to residues 57-99 and 143-202, could bind to STAT proteins. STATs play important roles in numerous cellular processes including immune responses, cell growth and differentiation, cell survival and apoptosis, and oncogenesis (Shuai, 2000) .
WISP1 and NMI, as described above, were both involved in cell diffraction and embryonic development. In addition, we found that a single nucleotide polymorphism (SNP) at exon5 of WISP1 gene (rs14261761, T/C) can result in a Thrto-Ala change at the position 288 of the Wisp1 protein.
Similarly, another SNP (rs14630452, A/T) at exon5 of NMI also led to a Ser-to-Thr change of the amino acid sequence. The amino acid sequence changes between different variants in each locus were found by comparing the translated sequences according to their DNA sequences. Those indicated that these two SNPs may affect the functions of Wisp1 and Nmi, thus affected the embryonic development. Therefore, the objective of present study was to investigate the association between these two SNPs and the embryonic mortality of chicken during the incubation period.
Materials and Methods
6000 hatching eggs from 49-week-old AiJiaoHuang (AJH) chicken and 4600 hatching eggs from 51-week-old ZhuSi (ZS) chicken were incubated in normal conditions (37.9℃ and 55% RH) in WEN'S POULTRY GROUP in Hanchuan, Hubei Province, China. AJH and ZS were both meatproducing strains. ZS is a pure local Silky breed with a small egg size, while AJH is a cross spotted breed with a big egg size. From the 4th day of incubation, candling of incubated eggs was done every other day to identify dead embryos. The stages of dead embryos were identified according to the signs of daily embryonic development, which described in Mauldin (2002) . A total of 187 dead and 71 normal embryos of AJH and 154 dead and 70 normal samples of ZS chicken were collected for this study. In addition, the normal samples were randomly collected at hatch. Tissues from any organism were separated in phosphate-buffered saline (PBS) (10 mM Na 2 HPO 4 , 1.4 mM KH 2 PO 4 , 137 mM NaCl, 2.7 mM KCl, pH 7.4). The sample was cut into small pieces on ice and then suspended in PBS and centrifuged at 8000 rpm for 10 min. The pellet was suspended in 1×SET (150 mM NaCl, 50 mM Tris-HCl, pH8.0, 1 mM EDTA, pH8.0) and incubated overnight in the 56℃ solution containing 0. 5% sodium dodecyl sulfate (SDS), 100 μg/ml proteinase K. The DNA was isolated by phenol-chloroform alcohol extraction and ethanol precipitation, and then used as template to polymerase chain reaction (PCR).
Two SNPs, rs14261761 in WISP1 (T/C) and rs14630452 in NMI (A/T) (registered in dbSNP in NCBI, http://www. ncbi. nlm. nih. gov/sites/entrez? db=snp), were genotyped in 341 dead embryos and 141 normal healthy chicks by polymerase chain reaction-restriction fragment-length polymorphism (PCR-RFLP) method. According to the DNA sequences of WISP1 (GeneID: 420322) and NMI (GeneID: 424314) on Genbank of NCBI (http: //www. ncbi. nlm. nih. gov/entrez/query. fcgi? db=gene), we designed two pairs of primers respectively (Table 1) . A 15 μL reaction mixture containing 1.5 mM MgCl 2 , 200 μM each of dATP, dGTP, dTTP and dCTP, 0.2 μM each of primers described above, 1 unit Taq DNA polymerase (TIANGEN BIOTECH (BEIJING) CO., LTD), 50-100 ng of high molecular weight genomic DNA and 1×PCR buffer was prepared according to the instruction manual for AmpliTaq DNA polymerase (TIANGEN BIOTECH (BEIJING) CO., LTD). Each reaction mixture in a 200 μL Eppendorf tube was inserted into PCR machine at 94℃ and held at 94℃ for 10 min before the cycling reactions. Conditions of reactions were: 30 s at 94℃, 30 s at 56℃ for WISP1/ 60℃ for NMI, and 30 s at 72℃ per cycle, and 35 cycles were applied, which was then followed by single cycle reactions at 72℃ for 10 min and at 15℃ for 5 min. A 5 μL portion of the reaction mixture was subjected to 1.2% agarose gel electrophoresis and staining with ethidium bromide. Those primary PCR products were cut by the restriction enzyme Hae III (MBI Fermentas) for WISP1 and Hinf I (MBI Fermentas) for NMI at 37℃ for 5 hours respectively. And then, electrophoresis was performed at a current of 24 mA for 3-4 hours at a constant temperature of 15℃ on 8% polyacrylamide gel or 1.2% agarose gel (Figs. 1 and 2).
Allele frequencies for SNPs were calculated by allele counting method. Differences in the genotype and allele frequencies between dead embryos and controls were tested by Chi-square analysis in Statistics Analysis System (SAS version 9.0, Cary, NC, USA). The differences of risk of death among different genotypes were analysis by logistic regression performed in Statistical Package for the Social Sciences (SPSS version 16.0, SPSS Inc, Chicago, IL, USA). Significance was established at P＜0.05.
Results
Genotypes and allele frequencies of each SNP were shown in Table 2 . For the SNP in WISP1 (rs14261761), the distribution of genotype frequencies was significantly different (χ 2 ＝6.554, P＝0.038) between dead and normal development embryos in ZS chicken. The frequency of TT genotype was highest in dead embryos, while the frequency of TC genotype was highest in normal embryos. However, no significant difference was observed in AJH chicken, and the frequency of TC genotype was highest in both dead and normal groups. In order to further comparing the death risk between different genotypes, we performed the logistic regression analysis. The results showed that the death risk of the ones carried with TC genotype was lower than that of TT genotype (OR＝0.740, P＝0.058) in ZS chicken. For another SNP in NMI (rs14630452), the distribution of the three genotypes was varied between AJH and ZS chickens. For instance, the frequency of AT genotype was highest in AJH, while frequency of AA genotype was highest in ZS chicken. Between dead and normal development Wu et al.: Effects of Two Genes on Mortality embryos, the distribution of genotype frequencies was significantly different in AJH chicken (χ 2 ＝7.407, P＝0.025), however it was not significant in ZS chicken. In AJH, the frequency of TT genotype in dead embryos was much higher than that in normal development ones (χ 2 ＝5. 644, P＝ 0.018). Further analysis found that the mortality rates of AA (OR＝0.267, P＝0.022) and AT (OR＝0.491, P＝0.011) genotypes were significantly lower than that of TT genotype (Table 2) .
Discussion
Genetics is a very important factor that affected the hatchability. For example, lethal genes could affect the early embryonic development, causing serious physical defects and leading to death during incubation period (Wang et al., 2002) , thus to degrade the hatchability. Identification of the important genes or markers which could determinate the destiny of the early embryos during incubation, combined with marker-assisted selection method will help to improve the hatchability and be benefit to poultry industry.
A number of studies have been focused on the biological function of Wisp1 in mice and human (Tang et al., 2011; Wang et al., 2012) . It was reported that Wisp1 was an osteogenesis strengthen factor, which can promote mesenchymal cartilage cell multiplication and skeletogenous cell differentiation, meanwhile, and inhibit cartilage cells differentiation, and it was an important regulatory factor of bone development and fracture repair (Ma and Zeng, 2007) . WISP1 expressed in osteogenesis cells and bone progenitor cells of embryonic development process. In vitro differentiation process, Wisp1 in skeletogenous cell can promote BMP-2 induced osteoblast differentiation (French et al., 2004) . WISP1 was a target gene in the Wnt signal pathway, which may play a role in tumorigenesis, possibly by promoting cell cycle checkpoint progression, accelerating cell growth and inhibiting apoptosis (Khor et al., 2006) . However, no reports studied on the function of Wisp1 in chicken are available to the best of our knowledge. In our study, we analyzed the effect on chick embryonic mortality of rs 14261761 at exon5 in WISP1 which resulted in a Thr-to-Ala change at the position 288 of its protein. We found that the mortality rates of different genotypes were significantly different (P＜0.05) in ZS chicken, and this SNP could affect the embryo death during incubation period. Furthermore, the death risk of TT genotype was higher than that of TC. This indicated that the TT genotype embryos would be more possible to die during incubation. This SNP may affect the function of Wisp1, thus have an effect on the chick embryo development. It is also possible that this mutation was linked to the QTL (quantitative trait loci) region that affects embryonic development or a lethal gene, which then leads to the death of embryos.
Nmi is one of interaction partners of myc proteins which involves in many different cellular processes. And it is a downstream target of Ets-1 which plays an important role in cell proliferation, differentiation, lymphoid cell development, transformation, angiogenesis, and apoptosis (Jung et al., 2005) . In human, Fillmore et al. (2009) found that overexpression of Nmi inhibited the Wnt/beta-catenin signaling via up-regulation of Dkk1 and retarded tumor growth. And it was reported that a SNP (rs11683487) in NMI gene was associated with a decreased risk of ovarian cancer (Quaye et al., 2009) . Those results indicated that Nmi could be a potential protective factor for keeping away from cancer. Our results showed that the SNP (rs14630452) at exon5 of NMI significantly influenced the embryonic mortality of AJH chicken. The death risk of TT genotype was much higher, and it was 4 and 2 times higher than that AA and AT genotypes, respectively (TT＞AT＞AA). This suggested that the T allele might add the death risk of chick embryos. This SNP caused a Ser-to-Thr change in Nmi amino acid sequence, thus could affect the normal functions of Nmi, which could not keep normal regulations for embryonic development or normal apoptosis, finally result in the embryonic death.
WISP1 and NMI locate in different chromosomes, and there is no directed relationship between these two genes. However, they can both finally impact the cell differentiation and embryonic development. This research indicated that the mutations of WISP-1 (rs14261761) and NMI (rs 14630452) might affect the chick embryonic development. However, slight difference was observed between two strains, according to their different genetic backgrounds. Future studies with larger sample size and functional researches are needed to reveal the molecular mechanisms of these two SNPs effect on the mortality of chick embryos.
